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A PRESERVATIVE-FREE EMERGENT TRAP FOR THE ISOTOPIC  
AND ELEMENTAL ANALYSIS OF EMERGENT INSECTS  
FROM A WETLAND SYSTEM
Richard A. MacKenzie1 , 2 and Jerry L. Kaster 1
ABSTRACT
This study reports a cost-effective, live emergent trap designed for the 
preservative-free use in both biogeochemical and ecological analyses of emerging 
insects.  The trap proved to be advantageous in several ways.  First, the simple 
design made the trap time-efficient since it was easy to set-up, change, and 
maintain.  Second, live sampling not only provided uncontaminated organisms 
for elemental and stable isotopic analyses, it minimized disfigurement.  This 
resulted in rapid and easy handling, as well as identification, of adult insects. 
Finally, trap avoidance by ephemeropterans and odonates, a common problem 
encountered in the literature, was minimal and organisms from both insect 
orders were successfully collected. 
____________________
Aquatic and semi-aquatic invertebrates are known to be an important link 
between primary production and higher trophic levels in wetlands (Mitch and 
Gosselink 1993, Batzer and Wissinger 1996).  The large amount of emerging 
insect biomass and abundances reported from wetland systems (Welch et al. 
1988, McLaughlin and Harris 1990, Leeper and Taylor 1998, Stagliano et al. 
1998) suggest that they might play a significant role in the export of nutrients 
when they leave the system for dispersion or reproductive reasons (Davies 
1984), or as food for anadromous fish or migratory waterfowl (Herdendorf et 
al. 1986, Hanson and Riggs 1995).  A popular tool for examining these trophic 
interactions (Rau and Anderson 1981, Peterson and Fry 1987, Fry 1991, Ke-
ough et al. 1996) as well as the nutrient budgets of aquatic systems (Quay et 
al. 1986, Garman and Macko 1998) is stable isotopic analysis.  However, many 
modern emerging insect traps include collecting jars filled with preservatives 
(e.g., Davies 1984, Merrit and Cummins 1996) that can contaminate samples 
and ultimately affect the carbon and nitrogen content of the captured insects. 
Thus, in order to further our quantitative understanding of the role emerging 
insects play in trophic dynamics and mass balances of wetland systems, it was 
essential to design an emergent insect sampling device suitable for stable iso-
topic and elemental analysis.  
We have designed a cost-effective, live emergent trap that eliminated the 
use of preservatives.  The traps were relatively simple to make and maintain, 
and were highly field-usable.  This method allowed for easy identification of 
insects since adults were brought back intact and alive to the lab reducing 
disfigurement (e.g., wing venation) resulting from transfer or storage in liquid 
preservative over an extended period of time. 
MATERIALS AND METHODS
Trap design.  The main body of the trap (Fig. 1) was constructed of 1.0-
mm mesh mosquito netting sewn into a 136-cm high, 80-cm diameter cylinder. 
The base of the netting was hemmed around a drawstring 310 cm long allowing 
the trap to be easily cinched shut.  The frame of the trap was made from an 
1The Center for Great Lakes Studies at the WATER Institute, University of Wisconsin-
Milwaukee, 600 E. Greenfield Ave., Milwaukee, WI, 53204.
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80-cm diameter children’s plastic “hula hoop” filled with sand as ballast and 
a capped, 2.75-cm diameter PVC pipe of varying height depending upon the 
depth of the water.  
The trap was deployed by clamping the hemmed base of the netting 
around the hoop using pieces of garden hose 10 cm long, slit down the middle. 
After the PVC pipe was driven into the substrate, the clamped netting and hoop 
assemblage were lowered over the PVC pipe until the hoop-base was slightly 
submerged.  The edge of the open end at the top of the trap was bundled to-
gether and sealed off using a polyurethane cable-tie to prevent any insects from 
escaping the trap.  The trap was then secured by staking the hoop-base into the 
wetland.  The entire assemblage resembled a tee-pee and sampled a 0.5-m2 area.
Retrieval of the net entailed removing the garden hose clamps from the 
hoop/net base while the hoop was still submerged.  Tightening the drawstring 
around the PVC pipe closed the base of the net underwater.  By cinching the trap 
shut underwater, any insects that had fallen back onto the water’s surface or that 
were in the process of ovipositing were also captured.  The closed net was slid up 
over the PVC pipe, removing any insects resting there as well.  The net samples 
were placed in a 0oC freezer for 24 hours.  Insects were then removed from the 
traps by gently shaking the nets, and whole, intact, frozen specimens were 
keyed down to family using Lehmkuhl (1979) and Merrit and Cummins (1996). 
Nets were then inspected for holes, darned, and cleaned in a washing machine.
To illustrate the effectiveness of this trap, a data set from the Peshtigo 
wetland is presented where insect densities reported represent 5% or more of 
the total number of insects collected.    For a more detailed description of the 
Peshtigo wetland, the study design, and the data collected, see MacKenzie 
(2001).   Traps were deployed at four stations designated as riverine stations 
(0-5 m from the wetland-riverine interface) and five wetland interior stations 
(stations greater than 70 m from the wetland-riverine interface) located within 
the Peshtigo riverine wetland during the first week of June in 1997 and were 
Figure 1.  Exploded view and dimensions of emergent trap.
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changed every other week until November 1997.  Riverine stations were char-
acterized by sparse emergent macrophytes that included Typha sp., Carex sp., 
Sagittaria sp., Scirpus sp., and/or Lythrum salicaria as well as submergent 
vegetation such as Potamogeton sp. and Myriophyllum sp.  Water column depth 
was > 1 m with an average dissolved oxygen concentration of 7.3 ± 0.6 mg.L-1 
and an average temperature of 19.8 ± 1.3 oC.  Wetland interior stations were 
characterized by dense stands of Carex sp., Sparganium sp., Typha sp., and/
or Phalaris arundinacea while submergent vegetation was generally absent. 
Water column depth ranged from 0.1 to 0.4 m with an average dissolved oxygen 
concentration of 4.0 ± 0.5 mg.L-1 and an average temperature of 18.3 ± 1.5 oC.  
Statistical analyses were performed using SYSTAT (version 8, SPSS 
Inc., Chicago).  Emerging insect densities were first normalized using log-
transformations (Elliot 1977) and then tested for significant differences among 
dominant taxa between riverine and wetland stations using a 1-way ANOVA.
RESULTS AND DISCUSSION
Community composition of insects.  Our trap design was effective 
enough to reveal some differences in the community composition at the family 
level as well as differences in densities of insects emerging from riverine and the 
wetland interior stations (Table 1), with total densities significantly greater at 
riverine stations (P = 0.01).  The presence of immature forms in kick net samples 
collected from the same stations (MacKenzie 2001) also revealed the ability of our 
trap design at capturing organisms relevant to the sampling area.   Dipterans 
were the most abundant insects captured from both sampling areas and were 
represented largely by 3 families: Chironomidae, Dolichopodidae, and Ephydri-
dae.  Densities of Chironomidae and Ephydridae were significantly greater at the 
riverine stations (P = 0.019 and P = 0.04 respectively).  Ephemeropterans, largely 
Leptophlebiidae, and trichopterans, largely Hydropsychidae and Molannidae, 
also exhibited higher densities at riverine stations, although only Molannidae 
caddisfly densities were significant (P < 0.05).  The absence of emerging lepto-
phlebiid adults from the riverine stations was likely due to their migration from 
the adjacent river to more stagnant waters (i.e., the wetland interior) where they 
tend to emerge (Unzicker and Carlson 1982).  This observation was supported 
by the sudden appearance of late instar leptophlebiid mayfly nymphs in kick 
net samples prior to their emergence (MacKenzie 2001).  Odonates were also 
collected and were largely represented by the damselfly family, Coenagrionidae, 
with densities significantly greater at riverine stations (P = 0.003).   
The traps, which cost around eight dollars each, have been used in areas 
ranging from minimal or no surface water to heavily inundated areas in both 
fresh and saltwater systems. They were excellent alternatives to traps that used 
preservatives and or plastic coverings.  Not only did they allow for the elemental 
and isotopic analyses of emerging insects, they also allowed for the qualitative 
and quantitative determination of densities and biomass due to minimal trap 
avoidance exhibited by certain insect orders.  This also allowed us to document 
differences in community composition at the family level (e.g., leptophlebiid 
mayflies).  Since mosquito netting was used, the problems of condensation or 
temperature increase within the traps were not significant, as reported when 
polyurethane traps have been utilized (Davies 1984, Stagliano et al. 1998).   The 
only major problem that may have affected our sampling was shading caused 
by the netting.  However, organisms in the nets coincided with the immature, 
benthic populations, which suggested this was not a significant problem (R. A. 
MacKenzie, unpublished data).  Finally, since nets were frozen to kill the trapped 
adults, their carapaces became fragile and brittle.  This resulted in damage to 
some of the adults, particularly the odonates, when they were removed from 
the traps.  This was quickly resolved by simply employing care and finesse in 
the removal of the remaining adults from the traps.
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